of medullated fibre shows double refraction, and why there is such a range of fluid crystalline phase. We have reason to believe that this method of study will enable us to detect primary degeneration in nervefibres at an earlier stage than any staining method, but in the meantime the complexity and interest of the chemical investigation has been such as to allow little opportunity for further microscopical work.
The Cerebrospinal Fluid as an Aid to Diagnosis in
Suppurative Meningitis of Otitic Origin.
By F. G. WRIGLEY, M.B.
You will all, I am sure, admit that there is often a great difficulty in the diagnosis of suppurative meningitis. The disease often does not follow the typical course described in the text-books, mnany symptoms which are there regarded as essential being absent. The reason why an accurate diagnosis is often so difficult to make is due to the fact that many of the symptoms of meningitis are present in the other complications of otitis media-e.g., vomiting and optic neuritis are common in brain abscesses, high temperature and rapid pulse in lateral sinus thrombosis. Head retraction frequently occurs in cerebellar abscess; moreover, all the symptoms of suppurative meningitis, though less intense in character, may occur in the condition known as serous meningitis. The importance of an accurate diagnosis is at present chiefly regarded from a prognostic standpoint, for if the suppurative condition can be excluded the prognosis is of course niuch better.
The examination of the cerebrospinal fluid is of great assistance in determining the presence or absence of this disease if thoroughly carried out, but a cursory examination is often misleading. Before discussing the pathological conditions of the cerebrospinal fluid I will briefly outline its normal condition:
Tension: The fluid issues drop by drop from the trocar, one drop per second being the normal rate of flow; the normal pressure is 20 to 30 mm. of Hg.
Appearance is clear and watery, free from blood or other colouring matter. The specific gravity varies between 1005 and 1008.
Reaction is alkaline, both in normal and pathological conditions. Composition: Water, 99 per cent.; solids, 1 per cent.-NaCl, carbonates, bicarbonates, phosphates, urea, dextrose, and traces of albumin, fat and cholesterin. Dextrose is present normally from 0 2 per cent. to 0 25 per cent. Albumin is only present in slight amount, just enough to give a faint haze on boiling the fluid.
Histology: A few lymphocytes are usually seen in microscopic preparations, often in stages of disintegration.
Bacteriology: The fluid is quite sterile.
THE CONDITION IN SUPPURATIVE MENINGITIS.
In most cases of suppurative meningitis the tension is raised, the fluid often issuing as a continuous stream, and may even spurt to some distance away from the needle. In some cases, however, the tension is lowered; this is uncomimon, but does occur when a thick basal exudate prevents free communication between the subarachnoid space at the base of the brain with that of the spinal cord.
Appearance: This is often taken as the index of the presence or absence of suppurative meningitis-if the fluid is clear meningitis is said to be absent, if turbid then present. This is true in the majority of cases, but I have met with three cases which seem to show that this is not always an infallible test.
In two cases of brain abscess in which the cerebrospinal fluid was quite turbid there was increased albumin (0,18 per cent. Esbach in one case and 0 2 per cent. Esbach in the other), the tension was markedly raised, and a marked polymorphonuclear leucocytosis was present in films made from the fluid. One was a temporo-sphenoidal abscess, which was drained by operation: the case ended fatally and at the postmortemi there was a large abscess cavity, the rest of the temporal lobe being infiltrated with pus and somewhat resembling a cellulitis. There was a slight injection of the basal meninges but no definite meningitis. The other case was a cerebellar abscess: a radical mastoid operation had been done ten days before; meningitis was diagnosed and a decompression operation decided upon. A trephine opening was made over the cerebellum as a start, but, as the brain was not pulsating, the cerebellum was explored and an abscess containing l oz. of pus was found and drained. Nothing further was done and the patient made a complete recovery. In each of these cases the condition of the cerebrospinal fluid was the same, the important point being that no bacteria were found in either case either in microscopic films or in cultures, eight punctures being mnade in the first case and three in the second. Another point of resemblance is that each case was apparently an acute form of abscess: in the fatal one there was no sign of the formation of a capsule round the abscess, and in the second case no capsule was at the time noticed round the abscess and no resistance was felt when the substance of the cerebellum was explored. From these two cases it would appear that a turbid cerebrospinal fluid is not of itself sufficient evidence for the diagnosis of suppurative meningitis.
The third case was a temporo-sphenoidal abscess. The cerebrospinal fluid was under high tension and quite clear in appearance. On standing for an hour or so a well-marked coaguluin was deposited, histological examination of which revealed a large number of polynuclear leucocytes and numerous clumps of staphylococci. The patient died and post mortem there was a well-marked basal meningitis. A lumbar puncture done the day before death gave similar results to the first one. This case seems to show that suppurative meningitis may be present with a clear cerebrospinal fluid which may contain bacteria, and that a clear cerebrospinal fluid is not sufficient by itself to exclude suppurative meningitis.
The question of the exclusion of meningitis seems to turn on the histological and bacteriological examination of the fluid, and I do not think that any examination which does not include these should be used as conclusive evidence one way or the other. If.the naature of the fluid suggests suppurative meningitis and bacteria are not found by the inicroscope, then, before making an absolute diagnosis, cultures should be made. In practice this, of course, would be difficult, as cases are often too urgent for time to be lost in having the cultures prepared. In these cases I would suggest that if bacteria are not found in the cerebrospinal fluid by the microscope and any operation is undertaken, it should include exploration of the cerebellum and temporo-sphenoidal lobe. Even if meningitis is present little or no harm would be done, and it might be the means of bringing to light an abscess of which no definite symptoms were present.
Another feature which may be of use is the estimation of the amount of glucose present. It has been stated that the amount of glucose present in the cerebrospinal fluid diminishes in meningitis, disappearing as the disease progresses. I have estimated the sugar in eleven cases (twelve punctures) and found it normal in eight specimens; in the other four the results were:
Case I.-First puncture, 0X14 per cent.; second puncture, 0O08 per cent.
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Case II.-There was no reduction with Fehling's solution. Case III.-No reduction with Fehling's solution. From this it would seem that the amount of sugar rmay diminish in suppurative meningitis, and that although the fact may not be of the first importance the absence or diminution of the amount might be taken into account as an additional confirmation of the existence of meningitis. Albumin is increased in suppurative meningitis; this is ,easilv seen on boiling a tube, when the faint haze of the normal fluid is replaced by a definite opacity. In all cases in which I have estimated the amount of albumin it has been 01 per cent. or above.
Histology: There is generally an increased leucocytosis in the cerebrospinal fluid in meningitis. Two leucocytes to a field is said to be the normal. The leucocytosis chiefly affects the polynuclear leucocytes, though the lymphocytes are also increased.
Bacteriology: The organisms most commonly found in the cerebrospinal fluid are the same as those found in the ear: A Gram-negative diplococcus (? Diplococcuts catarrhalis), streptococci, staphylococci; also found, though more rarely, are, Bacillus coli comnni-ts, Bacillus proteus vulgaris, Friedlander's bacillus.
The diagnosis of suppurative meningitis cannot be made with certainty (though it may exist) without the presence of bacteria in the cerebrospinal fluid, and I consider that the following features are usually necessary before an absolute diagnosis can be made: The fluid is either turbid or deposits a coagulum quickly on standing. The albumin is increased 0'1 per cent. Esbach or above. Microscopic examination shows a polymorphonuclear leucocytosis, and bacteria are found either in films or cultures. If these features are present the diagnosis may be made with certainty.
I am indebted to Dr. Milligan for permission to use the three illustrative cases.
DISCUSSION.
Mr. C. A. BALLANCE said that in recent years they had all been interested in meningitis, and he agreed that the condition could not be diagnosed by the clinical symptoms alone. The only definite evidence that meningitis was present was the discovery of the causal organism in cerebrospinal fluid. With regard to treatment, he was very much interested, when in Copenhagen last autumn, in seeing Dr. Mygind's cases. Dr. Mygind had written papers on the treatment of meningitis, and he had a number of cases brought up foi This inspection. They were almost all aural cases, and Dr. 'Mygind considered that the cases of meningitis which came on after operation on the temporal bone were almost always fatal. Some of the cases in which the onset antedated the operation could be saved. The operations which Dr. Mygind looked upon as most important were, first the removal of the source of infection; all would .agree with this. Dr. Mygind had also planned a definite operation in the shape of a decompression-i.e., he removed the bone over a definite area, 1-to 2 sq. in. in the region of the original site of infection-and he sometimes opened the dura. He (Mr. Ballance) was surprised to find that in some cases which recovered the dura had not been opened, but there had been only removal of a portion of the bone, which he did not regard as -a decompression operation at all. This term should include incision of the dura. In all the cases which Dr. Mygind had treated he did not recognize the presence of meningitis unless there was-turbid cerebrospinal fluid and he could grow an organism from it. This was a most important and valuable point, because it limited one to definite evidence of pyogenic inflamma.tion of the meninges. Otherwise one might be reporting cases as meningitis which were not so, and some wonderful operation might be carried out on them and cure attributed to it which might have occurred in any case. With regard to the operations which he (Mr. Ballance) did, he had made large craniectomies in the occipital region and endeavoured to drain the large cisternee at the base *of the brain, but he had been struck by the fact that the more complete, -apparently, the operation was the more likely was the patient to die. For this reason he was much interested in the decompression operations which Dr. Mygind did, for he in all cases combined decompression with lumbar puncture; and what one had generally to do in cases of general meningitishe did not include the fulminating cases which killed the patient in thirty-six *or forty-eight hours, but those which lasted a week and in which in future -could perhaps be arrested was, first of all removal of the primary disease, which was absolutely essential, and subsequently a small local craniectomy with incision of the dura, but always lumbar puncture pepeated day by day.
He thought it absolutely essential, so as to arrest the meningitis, that one should get rid of the intradural pressure. If one did so, for some reason certain pathogenic micro-organisms were not able to grow as they grew under conditions of pressure. And if that pressure were relieved, as Mygind had done in some of his cases, or if one did lumbar puncture, or combined these methods, then in a certain proportion of these cases one would be able to arrest the progress of what was believed to be general meningitis. In addition it was of .the first importance to use a vaccine as soon as possible. An autogenous vaccine required some time for its manufacture, but when the particular micro--organism was known, one could use a stock vaccine, or a stock antitoxic serum. Dr. THOMAS BARR said that a very important point in regard to this subject was the distinction between serous meningitis and purulent meningitis. It was generally held that if polymorphonuclear cells and pathogenic organisms -were found in the cerebrospinal fluid derived from lumbar puncture the case was necessarily one of purulent meningitis. But some time ago he saw a case which showed the incorrectness of this view. The case was that of a young man under the charge of Dr. Stoddart Barr and presented typical symptoms. of meningitis in connexion with otorrhaea of four years' duration. The radical mastoid operation was performed by Dr. Stoddart Barr, and the lateral sinus was exposed and granulation Aissue with purulent matter was found on its outer surface. After a few days, during which the meningeal symptoms continued' with extraordinarily severe pain in the head, a remarkable bulging was observed in the neighbourhood of the sinus. At first it was thought that the sinus had become the seat of a thrombus, but the swelling was large and elastic, and' it was decided that it was due to a bulging of the dura mater by fluid underneath. In the absence of Dr. Barr, Dr. Syme did lumbar puncture, and fluid' escaped under very considerable pressure. The immediate result was the disappearance of the headache, which did not return, while the bulging referred' to quickly diminished and in a short timne disappeared. The pathologist's. rel)ort was to the effect that the fluid was sliglhtly turbid, that it contained abundant polymorphonuclear cells and a Gram-negative diplococcus. This report pointed, a-pparently, to purulent meningitis, but the result showed that it was probably serous meningitis, and there was an uninterrupted recovery. The young man was now perfectly well.
Dr. A. BRONNER remarked that in cerebral tumour with increased pressure, when lumbar puncture was done and there was little or no fluid, this was said to be due to occlusion of the foramen magnum due to pressure. If it were dues to inflammation one would often find similar conditions in meningitis.
Mr. WEST said that with regard to examination of cerebrospinal fluid as. an aid to diagnosis, he thought all could agree with almost everything which'
Mr. Wrigley said. It had been emphasized by the pertinent experience of members that the mere fact of turbid fluid existing did not help one in the' diagnosis of meningitis unless investigation were carried further. In a recent discussion held before the Society on brain abscess, he drew attention to the fact that in cerebellar abscess it was characteristic to get not only many other symptoms of meningitis, such as head retraction, but to get cloudy cerebrospinal fluid!. The fluid was very riclh in polymorphonuclear leucocytes, but was sterile. With regard to the treatment of meningitis, he had very little to say which was new, but one naturally looked at the matter from the standpoint of personal experience. It was always possible to prevent pressure being the cause of death in meningitis; and without a decompression operation-i.e., with only lumbar puncture. Lumbar drainage by retention of the cannula, or translabyrinthine drainage tbrough the meatus, would give the same result, and perhaps even more efficiently. But his experience was that although one could in this way deal with many of the most distressing symptoms of meningitis, in most of those cases death would occur. He had seen only three patients recover from proved meningitis. Death occurred from the steady progress of the infection in the meninges. So, finally, one would find a patient whose meningeal surface was almost dry, and yet there was a thick layer of inflammatory material spread all over the base, and creeping up along the fissure of Sylvius, and that patient died of general sepsis or of disintegration of brain from local sepsis. One wished to prolong the patient's life by drainage, so that death did not occur from pressure, and also by doing all possible to increase the resistive power. His experience of vaccines in these -cases had been totally disappointing. He asked whether members present hiad investigated the question in the way of trying " sensitized" vaccines. He understood that they could be given in almost unlimited quantity, and without producing what was known as the negative phase. In that way we might get a step further in the treatment of meningitis. Mr. CHARLES G. LEE said he understood it had been stated that repeated drainage would result in lowered pressure. He wondered whether the Section was acquainted with the work of Dr. Alexander on epilepsy. Dr. Alexander, wvith the idea of permanently reducing pressure and stopping the fits, had been removing the parietal bone, then cutting strips of the dura out, leaving strips intact. He claimed to have brought about in this way what he desired. Possibly this course would be better than the repeated lumbar punctures which had been advocated at this meeting, and which Mr. Lee believed were not -always unattended with serious consequences.
Mr. SYDNEY SCOTT said that until five years or more ago it was considered that meningitis should be classed among the invariably fatal complications of ear disease. Early diagnosis and prompt intervention seemed to alter this view. The question now arose as to what constituted meningitis. Personally, he only accepted meningitis for the diagnosis when the cerebrospinal fluid ,contained bacteria. A second question had arisen what class of case had a chance of recovery ? The time was too short to go fully into these points .at this meeting, but he would like to relate some of the chief features bearing on the subject which occurred in the case of a patient whom he had been called to see on account of violent headache following haemorrhagic otitis media (unilateral). The hwmorrhage had been quite slight, but a small clot still obscured the landmarks of the tympanic membrane. The deafness was not great, the whisper and watch being audible on the affected side.
The fork was lateralized from the forehead to the same side. The headache was the chief symptom. He found the patient had vomited six times during the morning. He described the pain as resembling that of a tight band around the head. The pupils were fixed, and the tendon reflexes were abolished. There was a marked white tache c&rebrale. He had only seen a white tache in one other case (pneumococcal meningitis, fatal). He was afraid lest this patient was .already doomed; however, he operated almost at once, that is, in about three hours, and, contrary to his expectation, found that the whole of the mastoid process was of the pneumatic (coarsely cellular) variety, and that the cells were absolutely normal air-containing cells without any sign of inflammation Nevertheless the antrum, which was exposed on account of the tympania appearances, was found to contain blood-stained fluid,-which was found to, be swarming witlh pyogenic streptococci (Gordon tests by Dr. Pritcbard). The dura mater was exposed and was obviously hyperaemic; it was not incised or punctured. The antrum was drained by tube and the incision closed around it by suture in the usual method of performing Schwartze's operation. The lumbar puncture yielded cloudy cerebrospinal fluid, which escaped under pressure. The albuminous content was increased, polymorphous nuclear cells were abundant, and streptococci were discovered in films and grew in long chains on culture, conforming to pyogenes in the sugar tests (Dr. Pritchard).
The result of the operation was an arrest of the symptoms. A second puncture two days later yielded normal cerebrospinal fluid under normal tension, free from excess of cells and of bacteria. Normal saline was given at first per rectmca, before and after the operation; on the second and third days after operation the saline was given intravenously. The patient gradually improved after passing through a critical stage of wild delirium, and he left the nursing home in the third week with the wound healed and apparently quite recovered. A second case of meningitis which recovered was admitted with sixth nerve palsy, and pneumococci were present in the mastoid pus and in the cerebrospinal fluid withdrawn by lumbar puncture. The simple mastoid operation, lumbar puncture, and the introduction of salines, were the only measures. adopted. Had vaccines or anti-sera been used in the above cases the recovery would probably have been attributed to these agents, but the omission to employ these remedies in these instances served as evidence that there was a class of meningitis which resolved without any very clear explanation of the reason.
The PRESIDENT (Dr. W. Milligan) said that Mr. Wrigley must feel encouraged by the remarks which had been made about his paper, and they would help him to go on with his investigation. In the Royal Infirmary they never regarded a case as one of purulent meningitis unless bacteria could be found under the microscope or cultivated on films. Cases in which no bacteria could be found were classified as serous meningitis, however turbid the cerebrospinal fluid might be. A fair number of decompression operations had been done in his department, and not only was a piece of bone cut away, but a portion of the dura also. Two cases of cured purulent meningitis of the posterior fossa had been shown that morning in which bacteria were found in the cerebrospinal fluid. In one the organism was the Diplococcuts catarrhalis, in the other the streptococcus. Recovery occurred in both.
Mr. WRIGLEY, in reply, said that with regard to the question of not getting cerebrospinal fluid in brain tumour, he had seen one case of meningitis in which he got 2 dr. of pus and nothing further; post mortem the brain was found to be very cedematous and there was a thick exudate over the basal meninges. In three other cases of septic meningitis he got no cerebrospinal fluid at all.
